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1 Cluster reduction of YDE
The elastic and rearrangement processes in the four-particle system with two
clusters in the initial and nal states can be treated adequately on the base




























































with respect to the clusters of a
2




relative motion of a
2
clusters. The cluster reduction procedure consists in





along the basis of the solutions to the
























































































intrinsic with respect to clusters of partition a
2
coordinates. The basis of
the solutions of FE is complete but not the orthogonal one [4], [5] due to
not Hermitness of FE. The biorthogonal basis is formed by the solutions of














































(X) into YDE and projecting onto the el-









)g lead to resulting reduced YDE



























































where the brackets h:j:i mean the integration over x
a
2




















































where the index b
2







momentum. The charged particles case can be treated in framework
of YDE formalism by adjusting the Coulomb potentials to the kinetic energy
operator H
0
and by replacing the plane and spherical waves in the asymp-
totics by respective Coulomb modications [3].
2 Application to low-energy scattering in four
nucleon system




j. We solve numerically these equations by means of nite-
dierence approximation in jz
a
2
j variable , spline expansion of integrand in
right hand side and truncation of summation over l by nite number N . In all
the cases, the satisfactory convergence was observed with parameter N not
2
exceeding 20 what supports the eciency of the expansion (1). The maximal
size of linear system to solve was of the order 10
5
, so that the calculations
were performed on a standard workstation. We have used MT I-III model
with parameters from [8] for NN forces.
First group of results we are presenting concerns the isospin approxima-
tion (i. e. neglecting Coulomb interaction). The values of channel scattering
lengths for nucleon scattered o three-nucleon cluster presented in Table 1
are in agreement with results of Grenoble group obtained by a direct dis-




Second group of results is more realistic in view of taking account of













) elastic scattering lengths with data
obtained on the base of Resonating Group Method (RGM) [11] calculations
end experimental values from [12]. Last two rows of Table 2 show the position
E
r




resonance (measured relatively to
n 
3
He threshold) extracted from low energy behavior of calculated p 
3
H















) scattering. Due to open
rearrangement channels the scattering lengths in these cases have nontrivial
imaginary part.
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Table 1: S   T channel N  NNN scattering lengths (in fm)
S T [9], [10] our
0 0 14.75 14.7
1 0 3.25 3.2
0 1 4.13 4.0
1 1 3.73 3.6




















our -22.6 4.6 8.2 7.7 0.15 0.3
[11] -21.46 0.12 0.26
[12] 10.8 2.6 8.10.5
[13] 0.30.05 0.270.05
References
[1] S.P. Merkuriev, S.L. Yakovlev: Dans. Akad. Nauk (SSSR) 262 591 (1982)
[2] S.P. Merkuriev, S.L. Yakovlev: Theor. Math. Phys. 56, 673 (1983)
[3] S.P. Merkuriev, S.L. Yakovlev, C. Gignoux: Nucl. Phys. A431, 125
(1984)
[4] S.L. Yakovlev: Theor. Math. Phys. 102, 323 (1995)
[5] S.L. Yakovlev: Theor. Math. Phys. 107, 513 (1996)
4
Table 3: Singlet and triplet p 
3


















our 7.5-4.2i 3.0+0.0i 10.2-0.2i 7.5
[11] 7.25-3.92i
[14] 6.68-0.135i
[6] S.L. Yakovlev, I.N. Filikhin: Yad. Fiz. 58, 817 (1995)
[7] S.L. Yakovlev, I.N. Filikhin: Yad. Fiz. 60, 1962 (1997)
[8] G.L. Payne, J.L. Friar, B.F. Gibson: Phys. Rev. C26, 1385 (1982)
[9] F. Ciesielski, J. Carbonell, C. Gignoux: In: Few-Body Problems in
Physics (Proceedings of the XVth International Conference on Few-Body
Problems in Physics (Few-Body XV) Groningen, The Netherlands, 22-26
July, 1997). Amsterdam: Elsevier 1998
[10] F. Ciesielski, J. Carbonell, C. Gignoux, A. Fonseca: Contribution to
this Conference
[11] V.S. Vasilevsky et. al.: Yad. Fiz. 48, 346 (1987)
[12] M.T. Alley, L.D. Knutson: Phys. Rev. C48, 1901 (1993)
[13] H. Kaiser et. al.: Phys. Lett. B71 321, (1977)
[14] G.M. Halle: private communication
5
